Correlation of

Induction-Motor Design Factors
By Vaino Hoover 3 ANALYSIS of stator resistance, wire size, horse power rating, and air-gap density as a function of the flux per pole per unit-length of lamination stacking, stator slot shape and slot insulation, rotor diameter, and flux densities in the stator teeth and core, is given in this paper.
The usual method of design is to begin with the rotor radius, flux per pole, and ampere-conductors per inch of rotor circum ference. The flux density in the air-gap is determined when the stator-tooth density and the ratio of slot pitch and tooth width are set. The depth of slot is determined by the ampere conductors per inch, and the cir. mils per ampere. The depth of stator core and the stator radius then are determined by setting the value of the flux density in the stator core. The relations of the rotor and stator radius, the width of slot and tooth, the depth of slot and core, the flux per pole, and the flux density, to each other and to the motor performance are quite vague. Therefore, to determine their best proportions is difficult unless many experimental data are available.
In this paper an attempt is made to determine the relation of these factors to each other, and to determine their proportions for the best design. Briefly outlined, the analysis is presented as follows: The area of the stator slot is developed as a function of the shape of the slot, and the area occupied by the slot insula tion. The effect of the slot insulation on the net area of the stator slot is taken into account by using a corrected value for the stator radius. The area of the wire used for stator coils is developed as a function of the flux per pole. The stator re sistance is expressed as a function of flux per pole, and slot shape. The rotor radius is determined by setting the ratio of the flux densities in the core and teeth. A sample calculation is made using this method of design for motors of from two to twelve poles. The maximum torque as a function of the flux densities and of the flux per pole is discussed. The effect of stator resistance on maximum torque is calculated and shows that the flux per pole used should be very nearly that for mini mum stator resistance. Fifty-three equations are developed. ^^PERATING experience with tie-line load regu lators on the Pittsburgh, Pa. tie line interconnecting the Colfax Power Station of the Duquesne Light Company with the Springdale station of the West Penn Power Company is described in this paper. Equipment used, including tie-line load regula tors, program load control, and a hydraulic speed changer also is described.
The prime requirements of a successful tie-line load regulator are that it must not respond to small transient load changes, but that it must respond to small sustained changes. Further, it must respond to large load changes whether temporary or sustained.
The program loading equipment mentioned is installed at the Colfax station to maintain the most economical division of load between the various generating units of that particular station. The principle of dividing all load increments proportionally between units in a steam station does not necessarily make for maximum efficiency. In the program equipment at Colfax load scheduling is based on turbine valve position rather than on generator output, thus maintaining each turbine at its most efficient valve opening regardless of the effect of the many variables which enter into the position of the valve with reference to the load.
The new hydraulic speed-changing device described is in tended to reduce to a minmum, wear on the governor parts, and to offset the tendency for increased wear arising from the extremely frequent governor operation imposed by frequency control.
As a result of tests made jointly by the Duquesne Light Company and the West Penn Power Company, the following conclusions are reached:
1.
Tie-line load regulators and program loading equipment have been developed to a commercial stage.
2.
Tie-line load regulators on one system can be operated satisfactorily in conjunction with frequency regulators on a connected system.
3.
Tie-line control may be used to reduce load fluctuations between interconnected systems.
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